> "One might almost say that a culture is to a society,
>
> as the memory is to a person"
>
> [@B125], pp. -694--695

Javaria, a South-East Asian student in the US, was willing to travel all the way from Massachusetts to New York to find the desi food that reminds her of home (true story: [@B122]). A soldier posted overseas carries a flag under his uniform. A student preparing for her exams listens to a playlist with songs from her country. A suicide bomber reads holy scripts as a preparation for his mission ([@B93]). People demonstrate against their childhood playground being demolished to be replaced by an undoubtedly needed and high return-on-investment mall. People are unwilling to leave their old houses, even if offered a modern apartment in exchange. Listening to the national anthem increases heart rate. Even on the verge of bankruptcy, Greeks will nevertheless strike and shut down Acropolis declaring it is "not for sale" -- as a response to rumors that Acropolis is part of the bailout deal ([@B7]).

These real life examples, which are far from unique and experienced by many all over the world, characterize the relationship between individuals and aspects of their culture -- such as food, flags, songs, monuments, and spaces. Despite their relevance to culture, these examples cannot be accounted for by some major theories in psychology, such as Hofstede's cultural dimensions ([@B104]), or Triandis' individualism--collectivism ([@B208] for review). It is because these major theories view cultures as static entities for assessment, rather than cultures as functional entities that meet individuals' psychological needs. Moreover, to the extent that these research focus on aggregated tendencies of cultural or national groups, it is uncommon for this approach to integrate biological mechanism into their theories. The recently emerged field of cultural neuroscience has potential to fill this gap (e.g., [@B50]). However, most of the research in this nascent field still focuses on mapping out neural correlates for cross-cultural differences. By contrast, theories originated from the disciplines of anthropology and cultural studies have focused more on how culture evolves through people's daily practices and experiences (see reviews by [@B185]; [@B133]). Yet, most of these theories have not addressed how biology underlies people's cultural experiences. The goal of this paper is to fill this knowledge gap. In short, we take a functional perspective by analyzing cultural experiences through the lens of "cultural attachment" (CA), addressing an individual's bond with culture, and suggesting how that bond is mediated by biological mechanisms.

To elaborate, the aforementioned examples suggest that cultural objects carry an emotional value as well as meanings that are learned. Indeed, scholars have previously highlighted the importance of affectional bonds between the individual and other members of the cultural group ([@B46]) and also shown that culture is held by mental memory networks which become accessible when primed ([@B112]; [@B111]). We here examine this set of psychological phenomena that underlie the dynamic relationship between culture, its symbols and individuals, at a behavioral, neural and computational level. Specifically, we contend that culture -- defined as a network of beliefs, values, practices, and meaning system that are shared and transmitted from generation to generation among members of a group -- can serve as a secure base for attachment. That is to say, individuals can form a secure bond with their culture, which in return can buffer threat and confer a feeling of safe haven for individuals. This phenomenon has been called "cultural attachment" (see review by [@B107]). In this paper, we delve into an under-explored aspect of CA -- What are the possible physiological and neurological processes underlying CA? To address this question, we will focus on how CA moderates the processes of threat appraisals, emotion regulation and coping, and how the human neurobiology supports these processes.

As with any theory in its early stages, it is essential to prepare the ground for a move from a predictivist model of CA to mechanistic approaches. A predictivist approach will rely on statistical regularities to ascertain the existence of a phenomenon -- in this case the function of culture as an attachment object -- and will develop models that should be able to make (accurate) predictions. However this would only mean that the model is merely phenomenal (characterizing without explaining), whereas a mechanistic approach would necessitate explanatory models that not only predict the phenomenon but as well unveil the underlying mechanisms. This is vital, as predictively adequate models might actually fail at an explanatory level. We explain: a mechanistic approach would involve describing the phenomenon by elaborating on its components, the associated functions and the way they are structured together -- for instance in terms of space, time or hierarchy (see [@B14]; [@B136]; [@B61]). This means, amongst others, to involve neurobiological components and have a model that "address the question of how nervous systems operate on the basis of known anatomy, physiology, and circuitry" ([@B64], p. xiii). Undoubtedly, this is an ambitious target for CA theories at this current stage; yet, it is important to organize the predominantly predictivist character of the current understanding and prepare for more mechanistic accounts. To that end, we can take advantage of the existing, relatively rich, corpus of cognitive neuroscience to map CA components to neurobiological mechanisms. This is one of the main targets of this paper.

The paper is structured into two major sections. In the first section, we review current literature in AT and CA before proposing a mechanistic neurobiological model of CA. In particular, we focus on the components in the model (internal working model or IWM, threat processing, cultural stimuli acting as secure bases) and dedicate separate sections reviewing findings that correspond to these components. Following that, we integrate each component into the final model by enlisting psycho-cognitive processes needed to generate these CA functions and by identifying the neurological processes that -- based on previous studies associating cognitive processes to neuronal signatures -- reflect these situations. In the second section, we discuss two open questions that future studies need to explore: (1) the relationship of CA not only with prototypical attachment but other similar concepts (such as familiarity and group identity) as well, and (2) the need of and steps toward the adoption of computational approaches to the understanding of CA -- i.e., a mechanistic epistemological framework.

Cultural Attachment: an Extension of Attachment Theory
======================================================

CA was developed as an extension of Attachment Theory (AT) because the acculturation process bears similarities to an infant being born ([@B113], [@B110]). When an individual is introduced to a new culture, he/she is introduced to different norms, values, beliefs and structures. The home culture (i.e., predominant culture where the individual spend most of their growing years in) is believed to act as a secure base allowing the individual to explore and better regulate his/her emotions in the new environment ([@B88]; [@B114]). In fact, there is initial evidence that maternal, paternal, and CA affect different aspects of intercultural adjustment ([@B165]).

AT was initially developed by John Bowlby and Mary Ainsworth to describe the relationship and bond between a child and his/her caregivers and how that relationship affects the child's psychocognitive development ([@B21]; [@B4]). Attachment refers to the unidirectional (and only sometimes reciprocal) emotional bond that an individual has to an attachment target. Traditionally, this target would usually refer to the primary caregiver of the child -- the mother. Yet, in later developments of the theory, researchers have extended the scope to other targets such as significant others, countrymen, non-human animals or even non-living objects ([@B118]).

Over the last 40 years, AT has significantly contributed to our understanding of the social and emotional development of humans. The reach of AT is widespread and involves many different fields, including developmental psychology, evolutionary psychology, social psychology, neuroscience, psychophysics, and ethology. Detailed progress behind the theory and its historical timeline is described in several comprehensive reviews ([@B28]; [@B147]; [@B26]; [@B31]; [@B44]). It is currently unknown if all the features and major tenets of AT also apply to CA. For the purposes of this paper, we focus on two of the many tenets established in AT: the IWMs and the function of attachment targets as secure bases. [Figure 1](#F1){ref-type="fig"} shows a simplified model of attachment containing these two tenets. The IWM (the black box), through repeated experiences, identifies and selects reliable attachment targets which then act as secure bases when these individuals are under threat. The mechanisms behind the IWM and its interaction with the presence and availability of secure bases are currently under-explored. In the following sections, we will review the current state of research and begin development of a cognitive framework for these two tenets of AT and CA.

![A general model of attachment.](fnhum-13-00209-g001){#F1}

The pursuit of identifying the presence and nature of a cognitive framework is difficult without first establishing biological differences in threat responses due to CA. The effectiveness of culture as a secure base has been examined using behavioral experiments ([@B110]) but more similarly robust results are needed to present a convincing case. As converging, multi-modal evidence heavily reduces the possibility of spurious findings, psychophysiological and neuroscientific methods can be employed to examine if the phenomenon occurs at a more subconscious level, as well as to identify brain areas or networks contributing to IWM. In the sections which follow, we summarize the current understanding of the cognitive and affective elements of attachment as well as detail possible neurological mechanisms.

Attachment Theory: Internal Working Models
==========================================

An IWM refers to the cognitive framework comprising of mental representations based on the individual's experiences ([@B166]; [@B21], [@B22], [@B23]). In AT, IWMs relate to representations of the self, others, and their relationship. These representations are mostly implicitly learned and based on childhood experiences with the caregiver. This relationship generates the first rules and expectations about how to interact with others. These rules are then transferred to other social relationships. The way early IWMs are developed and later influence adult life is the core of the prototypical (maternal) AT. Early experiences with the caregiver form a basis for an IWM of social relationships. As children interact with their caregivers, their experiences accumulate and expectations about each role (e.g., the self, the caregiver, and the accessibility and responsiveness of the caregiver) are constructed ([@B21]). In later social interactions, memories and information processing frameworks formed from previous interactions provide the child with "guidelines" ([@B21]; [@B31]), even as the child progresses into adulthood ([@B100]). IWMs developed during the age period of 2--6 years are reportedly sophisticated; schemas about others are fairly accurate; overall, children are able to develop an understanding of precise and complicated rules of social interactions ([@B157]; [@B95]; [@B138]; [@B194]; [@B188]; [@B43]; [@B30]; [@B77]; [@B153]; [@B218]).

IWMs are dynamic across time and need to be updated to ensure their stability and continuity ([@B21], [@B24]; [@B31]). In fact, some researchers have associated IWMs with the development of brain areas related to memory and socio-cognitive capabilities ([@B202], [@B203]). Examples include the emergence of Theory of Mind, where the child is able to attribute mental states to others; or event representations of episodic memories, where the child remembers and recalls details of separate events. As the brain develops, representations are also updated and the number of different ways of understanding the same experience increases. For example, secondary representations of experiences, mediated by language or affect, change as the capabilities of the child improves. In fact, attachment attitudes and styles of preschool children are better predictors of adult attachment than their infant attachment styles ([@B203], [@B204]). Researchers have also suggested that the attachment structure of adults in their middle or later stages of their life is different from younger adults. Specifically, a principal component analysis performed on the Relationship Style Questionnaire revealed seven factors in samples of older participants in comparison to the three that were originally proposed ([@B137]). This suggests that IWMs become more complex and nuanced as individuals age.

However, once IWMs stabilize, they are less malleable. [@B22], [@B23], [@B25]) believed that once defensive mechanisms are established in a child's IWM, changes are difficult to instill. This is supported by selective processing by insecurely attached adults, where they have a tendency to suppress or exclude attachment-related information regardless of the valence of the information ([@B149], [@B141]; [@B78]). Critically, only attachment related information seems to be consistently overlooked whereas general information processing was not affected ([@B150]). Other researchers revealed that securely attached children generally paid more attention to positive events ([@B18]). This suggests the possibility of inertia in the initial state of the IWM. Securely attached individuals are in a positive cycle to seek and absorb attachment related information whilst insecurely attached individuals are in a negative cycle to reject and avoid attachment related information. On top of that, attachment is naturally a dyadic bond. In long lasting relationships, the IWMs of both parties have set expectations of the other. Changes in the behavior of one party may be met with resistance from the other party resulting in the maintenance of the status quo.

Finally, stable and continuous attachment relationships are likely to result in strong secure attachment bonds ([@B79]; [@B190]; [@B19]). Strong secure attachment bonds, once formed, are not easily displaced. For example, an individual is unlikely to completely lose faith in the attachment figure just because the emotional sensitivity of the attachment figure lowers for a few interactions. In line with [@B167] idea of assimilation, these individuals are not alarmed by sporadic lapses in consistent behavior from the attachment figure. On top of that, familiar relationships demand less attention and are more likely to be automated. This is in line with the idea that individuals prefer to maintain familiar relationships to reduce the cognitive effort needed for social interaction otherwise ([@B58]). However, this lack of attention leads to the slow updating of IWMs.

It is apparent that IWMs are carriers of culture. Culture needs to be learned, even if we assume that some aspects of culture are genetically carried across generations. At a very fundamental level, humans, and potentially some non-human primates, need to learn the shared meanings, expectations and, generally, "ways of life" of their group. The theory of CA suggests that, similar to attachment bonds to caregivers and other adults, CA provides psychological security to aid in the defense of imminent threats ([@B113], [@B110]; [@B107]). CA follows a two-pronged process in which individuals are attached to the members of the cultural group and to the abstract symbolic representations of the culture. Based on evidence that children and adults are attached to multiple targets -- including other family members ([@B219]; [@B168]), romantic partners ([@B100]; [@B144]), organizational members ([@B63]), fictional characters, pets ([@B177]), deities ([@B124]; [@B94]), places ([@B178], [@B179]; [@B134]), and even objects ([@B117]) -- the cultural group and its associated symbols can be viewed as an extended group of caregivers and attachment targets. It needs to be emphasized that, at the individual level, CA patterns do not necessarily reflect, or are the outcomes of, attachment bonds toward caregivers.

Yet, culture is a far more complex network of shared meanings ([@B105]) than family; this means that culture is difficult to represent in the same way as typical attachment figures (such as the mother) are mentally represented. In other words, some aspects of CA have to be formed based on the intangible nature of culture ([@B15]; [@B65]). The cognitive framework of CA, predominantly based on symbolic representations such as flags, objects, places, statues etc., could be activated when such symbols are displayed ([@B112]). For example, the term "motherland" itself could act as a mnemonic for the nation ([@B72]). In order to reliably activate this cognitive network, a dynamic constructivist approach to culture is needed. Under the dynamic constructivist approach, an associative memory network containing culturally relevant information (such as norms, beliefs, and values) can be activated to influence cognition and consequently, behavior ([@B33]; [@B112]; [@B35]; [@B105]; [@B221]). As such, although not formally stated, it can be argued that a dynamic constructivist view of culture consists of IWMs of culture.

Both theoretically and methodologically, the processes of cultural priming can to some extent exemplify the dynamic constructivist approach. Priming an individual involves using stimuli or tasks to activate mental representations to serve as frames of references for future tasks ([@B102]; [@B10]). Various types of priming, using a range of mediums (such as words, images, or other sensory information), are used to achieve different goals. In general, perception of certain stimuli will activate networks related to that stimuli and lead to behavior congruent to that of the stimuli ([@B74]). For example, sales of French and German wines in a supermarket fluctuated depending whether French or German music was being played ([@B159]).

For culture research, more emphasis is placed on the individual's acquisition and application of cultural knowledge system, or dual cultural knowledge systems in the case of bicultural individuals. Cultural priming involves increasing the accessibility of a particular cultural knowledge system acquired by individuals by using culturally relevant stimuli such as images unique to that culture, words commonly associated with that culture or a language primarily used in that culture ([@B207]; [@B112], [@B110]; [@B35]; [@B176]; [@B210]; [@B34]; [@B47]; [@B85],[@B86]; [@B32]). This is evident from research in bicultural individuals (who have been extensively exposed to two cultures) who displayed ability to -- consciously or not -- switch cultural frames when making decisions ([@B112], [@B108]). A natural extension of the dynamic constructivist approach is the development of polyculturalism which posits that cultural traditions are shared amongst different cultures, and individuals are partially influenced by different cultures ([@B155]). Despite the many cultural constructs or networks of information, priming makes a specific cultural construct accessible to the individual and influences decision making in contexts where the construct is applicable ([@B108]). For example, it was shown that Chinese-American bicultural individuals were more cooperative toward ingroup partners in a Prisoner's Dilemma Game when primed with Chinese cultural icons than when primed with American cultural icons. This difference was mediated by a higher motivation to maximize joint outcomes with partners and higher expectation that the ingroup partners would cooperate in the Chinese priming than in the American priming condition. However, this difference between the two cultural priming conditions disappeared when the partners in the game were strangers because strangers were not expected to cooperate more in Chinese culture and thus the activated motivation to cooperate did not apply anymore ([@B220]).

In the development of CA, particular focus was placed on bicultural individuals -- individuals who have been exposed to two cultures extensively. Using cultural priming experiments involving bicultural individuals, researchers ([@B207], [@B109], [@B112]; [@B108]; [@B176]; [@B210]; [@B220]; [@B81]; [@B85],[@B86]; [@B195]; [@B158]; [@B51]; [@B199]) were able to examine the fluidity of cultural frames and the existence of separate cognitive frameworks for each culture. Different cultural symbols seem to be capable of activating their own respective frameworks, supporting the notion that there is a mental representation network associated with each culture. These mental representation networks possibly form part of an IWM. Similar to arguments made in polyculturalism, individuals can be attached to more than one culture and secure attachment toward either culture aided in predicting that individual's levels of resilience toward threats ([@B110]).

The Neurobiology of Internal Working Models
===========================================

Not surprisingly, given the complexity of attachment, dedicated neural circuits of attachment have not been isolated and in fact, are posited to be inexistent ([@B56], [@B55]). Instead, researchers suggest that attachment is a higher-order culmination of different existing networks in the brain ([@B56], [@B55]). This is in line with [@B21] description of attachment being a "biobehavioral state in which several physiological and behavioral systems are organized in order to provide an individual with a certain sense of security and intimacy with significant others" (c.f. [@B90], p. 1). Similarly, due to the multi-determined nature of psychophysiological measures, dedicated circuits for bodily responses reflecting attachment bonds have also not been identified ([@B84]; [@B36]). However, several reviews bridging research in attachment to the brain and the body (e.g., [@B56], [@B55]; [@B214]; [@B90]) have proposed possible models of how attachment functions. In particular, the two models ([@B214]; [@B55]) detailed how attachment is represented in the brain both highlighted the cognitive and affective elements of attachment and structured their models around the corresponding areas in the brain.

Attachment engages two different types of components in the brain: affective and cognitive ([@B214]; [@B39]). IWMs can be thought of as the cognitive component of attachment capturing information about interactions between the individual and the attachment target. Yet, as it will become apparent below, it is practically impossible to separate cognitive and emotional elements. These frameworks were suggested to be conditioned associations between the availability or responsiveness of attachment figures (or proximity) and the internal needs or external threats mediated through different regions in the brain such as amygdala, nucleus accumbens (nACC), hippocampus, and prefrontal cortex ([@B103]).

[@B55] proposed an example of how different networks in the brain would work together to identify, maintain and benefit from attachment bonds (see [Figure 2](#F2){ref-type="fig"}). Many parallels can be drawn between the suggested model and the functioning of an IWM. Reward processing regions of the brain \[such as ventral tegmental area (VTA), nACC, and the striatum overall\] are activated (possibly be predominantly involving dopamine release) when in contact with a secure attachment target; moreover, the amygdala tags the experience as emotionally salient before long-term memory consolidation in the hippocampus. As multiple memories form, a consolidated semantic understanding of the attachment target is formed and used whenever primed or reminded of him/her/it. Upon recall, the same reward processing networks release dopamine again aiding in emotion regulatory regions (such as various parts of PFC, ACC) in exercising top down regulation of affective regions of the brain experiencing threat or other negative emotions. Social cognition regions (see below) of the brain contribute to this process by identifying "rewarding" attachment targets and by promoting behaviors that outsource the cognitive load of emotion regulation to them. At the same time, the brain reinforces rewarding choices and avoids negative ones.

![The presence of culturally relevant stimuli **(B)** activates the IWM **(D)**. The expanded version of the IWM contains several brain regions that could be involved in acquiring and learning about valuable cultural stimuli. AT suggests that the IWM is activated in the presence of threat **(A)** to aid in mitigation before a behavioral response **(C)** is made.](fnhum-13-00209-g002){#F2}

Memory processes provide a framework for information obtained in past interactions to be used in future ones. Memories, typically differentiated by their duration, serve various functions. Episodic memory contains personal experiences while semantic memory contains factual knowledge ([@B209]). Experiences between different attachment targets are encoded as memories and integrated to form a coherent IWM ([@B29]; [@B205]; [@B148]).

The hippocampus plays an important role in the formation, storage, consolidation and retrieval of internal and external states ([@B27]; [@B119]). Additionally, the amygdala also plays an important role in the consolidation of positive and negative long term memory by tagging sensory experiences as significant or salient before the consolidation of long term memory. Amygdala activity has also been detected when emotionally salient information is being recalled weeks after exposure ([@B97]). These two regions in the brain have been implicated in various attachment studies. The interaction between amygdala and locus coeruleus facilitates familiarity and reinforces filial bonds. Norepinephrine from the locus coeruleus, which neonates release in large quantities ([@B156]), is necessary for learning in human and animals ([@B196]) as well as memory consolidation specifically ([@B37]), especially in the amygdala ([@B135]; [@B126]). Individuals with high attachment avoidance, similar to patients with PTSD, have low cell density in their hippocampus ([@B171]) suggesting that attachment avoidance is related to selective formation of memories. Culture, when viewed as a culmination of knowledge across a group or a mental framework of norms, shared meanings and associated behaviors, necessitates a memory capacity of some sort to hold this knowledge or framework. One can argue that without memory processes, culture as we know it will cease to exist.

IWMs engage brain areas involved in reward processing, mostly part of the dopaminergic system such as VTA and nACC. Brain areas involved in reward processing (i.e., part of the dopaminergic system -- e.g., VTA and nACC) are recruited to identify and evaluate potentially beneficial and desirable attachment targets. Previous research using functional Magnetic Resonance Imaging (fMRI) investigating various forms of love identified activations in reward-related regions -- VTA and caudate ([@B11], [@B12]; [@B6]; [@B164]). Viewing images of loved ones activates similar areas (such as the caudate head and nACC) as well as other areas such as, lateral orbitofrontal cortex (OFC), amygdala, and dorsolateral prefrontal cortex ([@B223]). Thus, it could be expected that cultural cues that prime a related cultural network could also activate the same reward processing regions.

Attachment Theory: Secure Bases
===============================

The idea that attachment targets could act as secure bases was first introduced by [@B1] after observing interactions of children and their caregivers in the "Strange Situation" -- a laboratory procedure designed to systematically measure attachment and exploratory behaviors in infants ([@B2]). "Secure base schemas" refer to a set of expectations about the accessibility and responsiveness of the attachment target ([@B191]; [@B217]; [@B145]). These schemas set up if-then conditions that provide individuals with scripts (e.g., "If I am threatened, I can approach this person and he/she will be there for me") when they are under threat. These scripts are posited to create a sense of felt security ([@B191]; [@B216]; [@B218]). In childhood attachment, secure bases act as anchors for children to explore their environments and a safe haven to retreat to when threatened ([@B3]; [@B217]; [@B83]). A secure attachment is a necessary condition for the attachment target to act as a secure base. In the case of a caregiver-child relationship, the child must sufficiently trust that the caregiver will be physically accessible and emotionally available before the child would view the caregiver as a secure base. Other researchers have also described secure bases as a manner of social regulation on emotional processing ([@B16]). Similar results were also found in adult studies ([@B144], [@B143]). Additionally, these "if-then" scripts also allow for symbolic representations of the secure base to grant a similar safe haven and reduce the anxiety of the individual ([@B145], [@B142]). Social bonding research also contributes by suggesting that humans tend toward affiliation ([@B69]) and recognize signals of social closeness readily ([@B131]; [@B175]).

Several experiments using an affective priming paradigm, where participants are first threatened and then exposed to their secure base, have shown that symbolic representations (such as a painting of a mother holding a child or a well-known cultural landmark) are also effective at mitigating responses to threatening stimuli ([@B8], [@B9]; [@B146]; [@B145], [@B143]; [@B17]; [@B80]; [@B110]). This is an important finding because it introduces a way to systematically test the efficacy of attachment in adults and aids the extension of attachment to other domains, as cognitive representations introduce a meaningful way to discuss attachment to in-tangible aspects. This could include the cases where attachment targets are sometimes abstract or imaginary.

Other experiments also examined the efficacy of having secure attachments and secure bases. Securely attached individuals have a lower tendency to perceive stressful situations as threatening ([@B140]). Additionally, they are more open to seeking help when feeling distressed ([@B151]). There is a higher willingness for securely attached individuals to trust others, even in previously damaged relationships ([@B139]) or with members of an out-group ([@B146]). Securely attached children with better quality of interactions with their caregivers tended to develop better emotional understanding ([@B130]; [@B193]; [@B163]; [@B173]; [@B206]; [@B16]). In the same vein, daily conversations with children about their experiences improve emotion regulation as well ([@B215]). [@B42] showed that securely attached children ascribed benign motives to story characters whilst insecurely attached children inferred hostile intent. Secure attachment also exhibited links with higher self-esteem ([@B99]; [@B121]; [@B183]; [@B75]; [@B211], [@B212]; [@B45]; [@B224]), higher social competence ([@B67], [@B68]; [@B180]; [@B120]), and more positive self-concept ([@B41]; [@B213]; [@B75]). Similar trends are also present in research of rhesus monkeys showing that their young explore more in the presence of their mothers as well and return to their mothers when frightened ([@B98]; [@B73]; [@B187]).

Culture is posited to have existed since early humans banded together in groups of varying sizes to become more effective and efficient at ensuring their individual and collective survival. The formation of cultural groups also helped to reduce physical and social environmental uncertainty ([@B96]; [@B52]). Important elements of culture (e.g., knowledge, shared meanings, unique languages, practices, social rules, and expectations) can facilitate and speed up the exchanges of people who need to frequently interact, share resources, and swap tangible and intangible assets. Furthermore, repeated interactions between members of the same group lead to the predictability of behavior and expectations, which in turn aid in future interactions. Some of the other functions of culture include differentiated roles, providing social support but also social control, sharing cognitive orientations and goals, as well as regulating affective expressions ([@B125]). Cultures ascribe meanings and frameworks to understand the world, together with a sense of epistemic security and certainty to its members ([@B170]). Individuals form emotional connections with other members in their social group, the social group itself and eventually its abstract representations ([@B189]). Cultural groups protect against outgroups and other forms of threats. The security provided goes beyond the physical aspects and stretches into the emotional aspects as well ([@B46]). As such, culture can be interpreted to act as a secure base to individuals.

The Neurobiology of Secure Bases
================================

The emotion regulatory aspects of attachment have been an important focus for many researchers. For example, [@B214] summarized the attachment system as an emotion regulation device while other researchers viewed it as a major stress regulatory system ([@B200], [@B201]). Since the presence of threat is a necessary condition to activate cultural stimuli as secure bases, we briefly describe the neurobiology of threat-related responses here. The presence of threat typically activates affective regions in the brain such as the amygdala and the basal ganglia ([@B162]; [Figure 3](#F3){ref-type="fig"}). These affective regions will signal other appropriate brain regions in the brain to prepare the body for a response to the threat. Bodily responses are also commonly measured in the study of threat and are included in some of the research cited in this section. The theory behind the inclusion of bodily responses to the model will be discussed in the following section.

![The affective regions of the brain **(B)** are activated when an individual encounters threats **(A)** leading to behavioral responses **(C)**.](fnhum-13-00209-g003){#F3}

A common finding of studies examining skin conductance responses (SCR) differences between individuals with different attachment styles is that individuals with secure attachments cope with stress better, especially when cognitively reminded or aware of their secure base (see reviews by [@B70]; [@B90]). SCR measured during the adult attachment interview (AAI) were higher for participants using deactivating strategies (which implied insecure attachments) compared to securely attached participants ([@B76]; [@B174]). A similar study measuring attachment avoidance ratings correlated negatively to the SCR of participants under stress, suggesting that even repressed participants were still unconsciously stressed ([@B71]). Neural responses of children in the presence of their mother were unaffected by their levels of attachment anxiety. However, when children were left alone children with high attachment anxiety, as compared to children with low attachment anxiety, showed increased activations in ventromedial prefrontal cortex and hypothalamus when presented with threatening words ([@B161]). In comparison to neutral scenes, showing attachment-related scenes from the Adult Attachment Projective ([@B92]) activated areas of the brain associated with mental representations and social cognition, such as inferior parietal lobes, middle temporal gyrus, and anterior medial prefrontal cortex ([@B129]). These studies clearly show the biological effects of successful emotion regulation and threat mitigation in individuals who have access to their attachment targets and are able to leverage them as secure bases.

Various parts of the prefrontal cortex, typically associated with top-down control, support emotion regulation. The medial frontal cortex has been associated with social perception, anticipating the thoughts of others, and predicting outcomes ([@B5]). The ventromedial and medial orbital areas of the prefrontal cortex have been linked to conditioning and extinction of learning, as well as automatic emotion regulation ([@B152]; [@B82]; [@B172]; [@B186]). The dorsolateral prefrontal cortex has been associated with initiating, shifting, inhibiting, and simulating the consequences of behavior ([@B169]) and linked to several brain areas associated with sensory inputs suggesting that a role in decision making involving multiple sources of information ([@B154]; [@B128]). In contrast to the ventromedial and medial orbital regions, the dorsolateral prefrontal cortex has been linked to more effortful and deliberate emotion control ([@B160]; [@B184]). There is also support for the dorsolateral prefrontal cortex being related to language functions and working memory for representations of up to 10 s ([@B87]; [@B160]; [@B116]). The relatively slower development of the prefrontal cortex during infancy has led to suggestions of caregivers acting as a surrogate prefrontal cortex ([@B91]).

[@B127]; [Figure 4](#F4){ref-type="fig"}) developed a heuristic model of emotion regulation with three main emotion regulation stages. The amygdala and basal ganglia will signal other parts of the brain (ventro-lateral prefrontal cortex -- VLPFC, anterior insula, SMA, angular gyrus, STG) upon arousal. The VLPFC will appraise the emotion and decide if there is a need for regulation. If regulation is needed, the emotion regulation process will engage the DLPFC to communicate with the other regions of the brain that will generate the emotional state and behavioral responses. In the case of CA, the DLPFC or other regions should react differently only toward cultural symbols and in the face of threat. [Figure 4](#F4){ref-type="fig"} details the emotion regulation process which involves the affect processing regions from the previous figure ([Figure 3](#F3){ref-type="fig"}).

![A model of emotion regulation (**B**, [@B127]). After the affective regions are activated, the threat **(A)** is then evaluated. Subsequently, the emotion regulation region (DLPFC) is recruited. The activation of the DLPFC signals successful to the affective regions and other regions required for a response **(C)** to the threat if the emotion regulation is not successful.](fnhum-13-00209-g004){#F4}

In order to integrate the cognitive and affective elements of CA, we further rely on the following model. [@B214]; [Figure 5](#F5){ref-type="fig"}) proposed a push-pull model between social approach and social avoidance (also known as the affective evaluation of the relationship) where secure attachment generally promotes social approach and vice versa. In their model, relatively basic and automatic affective evaluations are influenced by more elaborate cognitive control processes (such as emotion regulation and mental state representations). An example is Theory of Mind: the ability to understand the other person's intentions allows individuals to attribute their actions differently and consequently adjust their behavior toward the other person. Subsequently, their behaviors also affect the way that individuals think, creating a bidirectional relationship between cognition and emotion. This suggests that the internal working model, being the cognitive part of the process, can now interact with the emotion regulation system -- the affective part of the process. Although we are not currently able to detail the exact nature of this process, [Figure 5](#F5){ref-type="fig"} summarizes the moderation effect of the cognitive IWM elements onto the affective emotion regulation elements.

![The IWM (cognitive framework, **B**) is activated by the presence of relevant cultural stimuli **(D)** and acts in tandem with the emotion regulation system to mitigate the threat experienced **(A)** before any behavioral response **(C)** is made. [@B55] as well as [@B214] both describe this top down executive control onto lower level affective processes. External factors **(E)** moderate the strength of the secure bases.](fnhum-13-00209-g005){#F5}

Connecting the Body and the Brain
=================================

Major physiological theories of emotion (e.g., Somatic Marker Hypothesis; [@B62]; [@B13]) suggest that a significant part of emotional experience lies in the bodily response. Moreover, learning and memories are stronger when they are marked by bodily responses and are emotionally invested. SCR is one such bodily response that is commonly used as a biomarker of arousal to study emotional and threat processing. As described, the attachment system has been suggested to be an emotion regulation device ([@B214]) and insecure attachment styles have been associated with heightened SCR in response to stress (e.g., [@B192]; [@B76]; [@B174]; [@B90]). This means that learning cultural associations would be more successful if emotional responses are involved, not only during the acquisition of meaning (i.e., when one learns what culture is), but, as well, when these experiences and meanings are re-experienced throughout life. Interestingly, such associations would benefit from affective investment that involves peripheral bodily responses ("markers") -- such as heart rate or skin conductance.

Positive feelings of attachment facilitate the release of oxytocin into motivational circuits in the brain ([@B70]; [@B38]; [@B57]; [@B115]). Oxytocin and vasopressin are synthesized in large quantities in the hypothalamus ([@B89]; [@B40]). The hypothalamus co-ordinates activity of physiological and behavioral systems during maternal or pair bonding ([@B123]) and is important in social soothing during neural threat ([@B40]; [@B59]). The hypothalamus (as part of the HPA axis) is also heavily involved in the regulation of autonomic nervous system responses. Oxytocin has also been associated with heightened aggression in response to perceived threat to others one shares strong social bonds with, such as offspring ([@B20]). Notably, oxytocin has also been linked to intergroup bias among humans, suggesting that this neurobiological mechanism regulating pair bonding and attachment also contributes to broader group-level cohesion and defense ([@B66]).

Toward a Neuroscience of Cultural Attachment
============================================

Following from [Figure 5](#F5){ref-type="fig"} and the previous section, we now incorporate the HPA axis into our conceptual model ([Figure 6](#F6){ref-type="fig"}). To summarize, the full conceptual model is a mechanistic one which contains ideas from four established theories/models. The behavioral aspects of CA were combined with neurological findings associated with attachment as well as other basic emotional and cognitive functions (especially highlighting emotion regulation). The following four models were prioritized, as they have been developed to explain attachment mechanisms (the first three), whereas the fourth one is a generally accepted model explaining the relationship between bodily responses, brain mechanisms, and learning.

![Full conceptual model. **(A)** Presence of threat leads to responses in the affective regions of the brain and ANS. **(B)** This is followed by threat evaluation and, if necessary, emotion regulation. The affective regions signal the threat evaluation regions which in turn signal emotion regulation regions if the threats are salient. If emotion regulation is successful, signals are fed back to affective regions and to other regions involved in emotional responses (e.g., motor, hypothalamus). **(C)** The HPA controls ANS responses which are typically subconscious and automatic responses to the environment. If emotion regulation is unsuccessful, SCR prepare the body for further responses. **(D)** Presence and availability of secure bases or the activation of the cognitive representation of secure bases is processed in the IWM before being passed on to aid emotion regulation. **(E)** External factors moderate the strength of the secure bases. **(F)** After the brain and body has assessed and processed the threat, a behavioral response is made, if necessary.](fnhum-13-00209-g006){#F6}

1.  [@B55] model which describes dopamine release from reward processing regions to regions associated with emotion regulation during recall of previously salient positive experiences,

2.  [@B127] model which refers to the emotion regulation process between affective and cognitive regions,

3.  [@B214] model detailing cognitive and affective regions being moderated by different attachment styles,

4.  Damasio and Bechara's ([@B62]; [@B13]) Somatic Marker Hypothesis.

It should be noted that these models are based on more generic theories of the neurobiology of development, emotion and cognition (see the references above), and, as such we have not excluded major neuroscience theories.

In the full conceptual model ([Figure 6](#F6){ref-type="fig"}), threatening stimuli are first processed in the affective regions of the brain and cause quick reactions from the HPA axis. Indeed, in a previous study ([@B222]) SCR were measured to examine the mitigation of threat in the presence of cultural symbols. The subliminal presentation of cultural stimuli reduced SCR -- but only in the presence of a threatening stimulus. Following from [@B127], the affective regions in the brain then allows the salience of the threat to be evaluated and if the threat is identified as salient, then emotion regulatory processes take place. To aid in the success of the emotion regulation (or in this case threat mitigation), the IWM identifies the presence of rewarding socio-cultural cues and stimuli which results in dopamine release from reward processing regions to different parts of the prefrontal cortex involved in emotion regulation. The DLPFC (and other regions involved in emotion regulation) then signal the success (or failure) of the threat mitigation to the affective regions which then pass on the signal to the hypothalamus, motor regions, and other regions required to react to the threat. A behavioral response is then delivered.

Naturally, the conceptual model is not expanded to include all possible biological systems in play. Instead, we here focus on the cognitive and affective elements of attachment. When applying features of traditional AT to these different attachment targets, it is clear that there are some features compatible but there are also discrepancies that need to be reconciled.

In summary, the presence, availability, or activation of different secure bases in attachment (caregivers, romantic partners, cultural group, and the abstract mental representation of culture) is processed using the IWM (i.e., cognitive framework) to provide security and mitigate responses to threat. The success of the secure bases is moderated by the different factors such as need for cognitive closure or racial essentialism and social aspects, that will examined again at the discussion section.

Discussion: Concepts, Models and Computational Culture Neuroscience
===================================================================

The conceptual model proposed highlights the magnitude of the entire body of research but also leads to more questions than answers. We discuss two general questions. Firstly, what is the relationship of CA with attachment as well as other similar concepts? Secondly, what are the neuro-computational mechanisms that could contribute to the development of CA?

CA and Other Concepts
---------------------

Starting with the theory of Attachment itself, it is currently unknown if all the features and major tenets of AT also apply to CA. However, there are definitely similarities behind the description of attachment and cultural processes to suggest that CA shares similarities with AT. The presence, availability, or activation of different secure bases in attachment (caregivers, romantic partners, cultural group, and the abstract mental representation of culture) is processed using the IWM (i.e., cognitive framework) to provide security and mitigate responses to threat. The pursuit of identifying the presence and nature of a cognitive framework is difficult without first establishing biological differences in threat responses due to CA. The effectiveness of culture as a secure base has been examined using behavioral experiments ([@B110]) and early results are encouraging. As converging, multi-modal evidence heavily reduces the possibility of spurious findings, psychophysiological and neuroscientific methods can be used to examine if the phenomenon occurs at a subconscious level.

Related to this, future research should be investigating the presence of a critical period of the acquisition of culture and the development of the CA bond. In the study of childhood attachment, age is a convenient proxy for brain development, thus using age as a proxy for a critical period is fitting. However, more understanding about cultural learning patterns is needed before the same can be said for CA. Young individuals who have not been exposed to different cultures should have a fairly stable model of their own culture. In addition, young adults are more capable of understanding cultural symbols as compared to younger children. More research might reveal transitional mechanisms in this area.

The relationship between basic social processes and cultural functions remains to be identified. For instance, group identity suggests that the membership of individuals in certain groups enhances their loyalty and positive feelings to that group and in contrast, increases their negative feelings toward members outside of the group and of other groups ([@B197], [@B198]). Similar concepts are patriotism, which is the love and devotion for one's country. Essentialism, and especially racial essentialism (see review [@B106]), could be outcomes of very strong CA mechanisms to the attachment figures. However, the exact relationship must be understood.

Another possible confound in our understanding of CA is the familiarity. Familiarity of a certain set of stimuli can bring about positive emotions which would provide a buffer against any negative ones. Familiarity is related with more emotional reactions such as nostalgia, the sentimental longing of one's past, which can also induce positive emotions ([@B182], [@B181]). Notice that our model includes a recall component that triggers the positive emotions. However, nostalgia and familiarity seem to cover less ground than attachment in that aspect.

From a more general point of view, CA highlights the importance of symbolism in cultural groups. The protective nature of cultural icons against threat emphasizes the importance of having identifiable symbols and the association of experiences within a cultural group to those symbols. Recent research in responses to perceived mixing of cultures have indeed suggested that people who are highly identified with their cultures may find mixing of foreign influences with symbols and representations of their own cultures especially aversive and distasteful ([@B49]; [@B48]). More narrow cultural groups also represent themselves with having clear and strong symbols. Some notable examples include luxury brands, sports teams, or even schools. Future research should examine possible attachment bonds to such cultural groups.

Computational Culture Neuroscience
----------------------------------

Both decision neuroscience and social neuroscience have been moving from descriptive approaches (predictivist models) to mechanistic approaches. This essentially involves incorporating computational descriptions of both behavior and neuronal responses. CA is particularly suited to be a testbed for introducing computational approaches to cultural phenomena, as we not only have paradigms that can help us elucidate brain mechanisms, but, as well, there seem to be strong relevance with existing theories of human neuroscience (described above).

Learning a culture and developing emotional bonds with its elements is certainly a life-long process where these meanings need to be (successfully or not) learned, unlearned and re-learned as the individual moves across space (for instance when somebody moves to a new culture) or across time (i.e., when culture evolves because of various technological, sociological or historical reasons). This, as well, is certainly a demanding task for the human brain, as the corpus of information to be accumulated is significant and, as well, many times ambiguous. "Being Chinese" or "Being Argentinian" -- thus identity-would entail a very wide set of different behaviors, values, objects that they would need to be somehow summarized and represented.

How would the brain -- and, actually, most computational systems -- respond to such a challenge? The brain learns through many ways, but a principal function is the establishment of associations. Even at a basic neuronal level, synapses -- the "junction" that permits the communication between neurons -- are the basic learning units: when a neuronal cell is active enough to activate another neuronal cell (or systems of cells), then the two neuronal units will become "associated" -- a process called Hebbian learning ([@B101]). This seemingly simple process is actually computationally adequate -- when a large number of neurons is involved -- to not only represent a vast amount of information, but, as well, to allow the brain to dynamically respond and adapt to changes. Such associative process can explain the emergence of functions that support social functions, such as the mirror neurons. Computationally, associative processes need to use predictions, and prediction error computations; activity of the dopaminergic system behaves as if it carries out such computations. Temporal precedence is another computationally necessary function: a neuron needs to fire before the next neuron -- thus the colloquial dictum "neurons that fire together wire together" is not exact.

Associative mechanisms are the basis of implicit learning and support long-term memory functions. Associations can be established across a wide range of stimuli. The image of MacDonald's Arcs does not itself satisfy the need of hunger, but the image has been associated with receiving (delicious or not) food. Processes similar to what happens at the neuronal level follow: the image temporally precedes the food; the consumer has to make predictions (i.e., have "expectations" in the culture science terminology) and compute prediction errors (i.e., evaluate the outcome as compared to expectations). Importantly, MacDonald's logo does not only summarize the burger somebody eats, but actually the sum of the whole experience -- that is the bodily responses, the emotions (for instance feeling happy, contend, secure), thoughts, social interactions. With no doubt, these experiences and expectations differ from individual to individual, but the point is that the symbol conveniently represents a rather complex set of meanings, memories and internal states. This is very useful, not only because the representation of the social environment becomes less expensive in computational terms, but, critically, because such complex schemas can be shared and communicated with others.

These processes can and have been described based on a central computation -- i.e., the computation of prediction errors. This simple computational element can allow for the formation of generative and forward-looking models of the world, which can be extremely abstract ([@B53], [@B54]) As such, the computational framework of reward learning, as described by recent advances in decision neuroscience might be of particular relevance for the understanding of the development and stabilization of CA. Indeed, closely related theories such as niche construction and evolutionary approaches have been for some time considering computational approaches, including the free energy principle ([@B132]; [@B60]). The integration of ideas from culture theory, anthropology, neuroscience, and artificial intelligence could lead to a much deeper understanding of the processes that underlie how humans and cultures co-evolve.
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